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,o a dental substrate are disclosed and claimed herein. 
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age „, adjacent to the dental substrate is preferably sufficiently cured so as to resist 
deformation and detachment from the dental substrate. 

Oncetheamalgamhasbeenpacked and shaped, it is allowed to cure. Conventual 
amalgams cureover time after initially mixing the rnitially separate metals together. Over 
time the metals react and become bonded, which causes the amalgam restoration matenal 
t0 oleoma Hardened. At the same time, the amalgam also preferably causes one or more 

mfinaUyorreorhardenthebonding agent. Whereas the two curing reacons may coincde 
t0 some extent, they may dtffer in duration. In alternate embodiments, one or more 
chemical curing agents can be selected, stored separately, and then moced with the other 
components of the bonding composition in order to trigger the second curing step 
independently from contacting the amalgam with the bonding agent. 

The various embodiments of the bonding compositions and methods accordmg to 
the inventionprovideanumberofadvantagesover the prior art. For example, the increase 
moondstrengtbbetween the dental substrate and amalgam restoratrve provrdes for greater 
composite action between the tooth and the amalgam. Reliable bond strengths between 
aD ou, 25-37 MPa have been ach,eved when using the most preferred composes and 

Moreover, greatly increasing the bond strength between the amalgam restorative and the 

retention ofthe amalgam restorative within the dental restored. This would potency 
a „ow the dental practittoner to remove significantly less tooth materia, when formmg a 
denta, preparation for filling with an amalgam restorat.ve. frnproving the bond between 
amalgam restoratrve materials and dentalsubstra.es would also be expected to improve the 
^betweenmeamalgamrestorativeand the tooth, thereby greatly reducing the chance that 
bacteria could enter and fester withm gaps or fissures between the amalgam and the tooth. 
-Page 13- 
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from the following description and appended claims, or may 
invention as set forth hereinafter. 
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tao^tha.^n^inwMoh^above.rec^andotoadvan.agesandob.ec.s 
Mention .eo^a^ep— a^, i0 »o f ,e — .Heflya^ 

of t e — - are not therefore » »e — * - — of , scop,* 

^^^^^^^^^^ 
use of the accompanying drawings in which: 

^edthere.nforreceip.ofa— ve; 

Figure 2 is a side cross-section view of the tooth ot igu 
p.eparationhasbeencoa.edwithaden.albond.ngcomposi.ion; 

p^eBisasidecross-sectionviewofthetoothofFigure^mwhichthedenta! 

^ B ^^1*.*-^^ ta - l - d " l,l,,,^,,,t,,,,, '" 
order to partially cure the bonding composition; 

U^-sidecross-sectionviewofthetoothofPigureSinwhichthepartiany 

^a^««^^---**-- , '* ,,, -' , *"" ,,,,r r ,,t 

.uesurfaceofthedentalpreparahonandiess cured inthe exposed outer region or .ayer 

P lgu re 5 ,asidecros,sectionv 1 ewofthetoo.ho f Pigure4aiwh,chanuncured 

^restorau 

t0 packhigagamsttheouterlayerofthebonding composition; 

Figur e 6 is a side cross-section view of the tooth of Pi^re 5 after the uncured 

appropriate amalgam packing tool; 

FlgU re 7 ,asidecross.sec,,onviewofthetoothofFignre6a ft ertheama,gamand 

dental bond composition have cured. 
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Thepresen.—nencompassesoomposhio.andn.ethodsforuseinrestonng 
a patient's tooth using an a* or other meta, restorative. More partly, the 
^positrons and methods result at the formation of an actual bond between a dent, 
s « and the meta. restorative. Such bonds yie,d stronger, more durable^ 

and because moreofthe tooth can be left intact dunng formation of the denta, preparahon 
inm a„ycases. In addition, the denta, bonding compositions are a.so useftd in seaiing the 
oenta, substrate, particularly the dentin tubuies, which protects me tooth from further 
action and decay. They a.so prevent or inhibit microleaicage at the margms between the 

tooth and amalgam. 

The amaigam bonding compositions accordmg to the invention are formuiated to 
only partially cmewimmthedental preparation prior to pacitmg the ama.gam.nto the denta, 
pr eparat 10 n so as to rem,n piiab.e and deformable a. the surface. When packing the 
amaigam within the dental preparation, the deformabie bonding composition becomes 

_ parities that substantial!, increase the mechanical interaction and the strength of the 
resulting bond between the bonding composition and the amalgam. 

Preferred dental bondmg compositions according to the invent.on include at leas, 
polymerizable materia,, a first polymerization initiator that causes the polymeric 
ma ,eria, to o„,y partially cure or harden prior to pacing (or condensing) the uncured 
ama,gam restoration materra, into the denta, preparafion, and a second poly— 
Viator that causes the po,ymer,ab,e materia, to continue to cure beneath the paclced 
amalgam restoration materia,. The inventive bonding compositions may include fillers, 
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events, active agents, or other additive* as desired in addition to the components 

specifically identified herein. 

The term "dental substrate", as used in the specification and the appended Cairns, 
broadly refe. to a tooth, any port,on thereof, or a prosthet.c reiated to the tooth. Examples 

of a tooth, metal crowns or fillings, porcelain crowns or overlays, composite filhngs or 
crowns, other dental prosthetics, and other structures and materials related to the repair and 

reconditioning of teeth. 

The term "dental preparation", as used in the specification and the appended chums, 
broadly refers to any void, depressron, hollow, indentation, crev.ce, crack, or any other 
regularity that can be filled with a restorative material. Examples include, but are no, 
Wed to, void spaces that are formed by removmg dental tissue using, e.g. , a dental cuttmg, 
grinding, or abrading too,. It may also include extreme, but natural irregulant.es. 

The term "restorative", as used in the specification and the appended claims, broadly 
refers to any filling or restoration materia! used to fill a "dental preparation" Examples 
indude, bu, are no, limited to, composite resins (e.g., payables, pastes and flowables), 
amalgam metals, other metals, and porcelain. 

The term "partially cured", as used in the specification and the appended claims, 
refers to a condition or state of a dental bonding compos.tion in which one or more 
polymerizable materials con.amed therein have become partially polymerized. Tha, ,, <hey 
are still capable of further polymerization to yield a harder, less pliable materia. (i.e., they 
remain at least partially "unpolymerized". 

The term "cured", as used in the specification and the appended claims, refers to a 
dental bonding composition tha, has been sufficiently polymerized so as to be sufficiently 
hardened and non-pl.ab.e so that it can form a reasonably strong bond between an amalgam 
or other restorative and a dental substrate. Thus, though a completely polymerized bondmg 
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, compose represent an example of a "cured" materia,, a bonding composition that is 

3 further polymerization, may still be considered to be "cured" 

The terms "harden" and "hardened", as used in the specificate and the appended 
5 claims refers to a level of polymerization or curing of a dental bondtag composrtion or 
'anralgamrestorauvesuchthat they are no, readrly deformableandsothat.be bond between 

.. ^"hardened" bonding composhionandthe-hardened" amalgam restorative has achreved 
8 a substantial portion (/., greater than a majority of) its final bond strength. 
, I The term "uncured", as used in the specification and the appended claims, refers to 

„ , aconditionmwhKhadentalbonding composrtion is readily flowable onto a dental substrate 
„ and a condition in wh,ch an amalgam restoratrve * readily packab.e within a dental 
„ I preparation regardless of whether some incdenta. partial curmg of the bonding composrtron 

or amalgam has taken place. 

The term "oligomer", as used in the specification and the appended c.abns, shall 

15 inc ,ude dimers, trhners, tetramers, and other prepo.ymers derived from one or more 

16 I monomers. 



rP riT°P'" BEHIALEQSBffiifi impositions. 

The preferred dental bonding compositions according to the present invention 
20 , ^prisesatleastonepolytnerizablematerialandatleastonepolytnerrzationmitiator More 
2, preferred compositions included two different types of po.ymerrzation initiators ,n order to 

22 ^reeasilyfacilitate.hestep-wiseorprog.essivecuringof.hebondingagent. Suchbondmg 

23 Lmposrtionsmayalsomcludeone or more solvents, fdlers, natural resins, fluoride-releasnrg 
2, agents, and other adjuvents and additives as desired. They may be one-par, or mult-part 
25 I systems. 
26 
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A. gfllymerizablfi Materials- 

A„ y poiymerizable materia, that is capable of curing and adhering to a denta. 
substrate may be used within the denta! bonding compositions according to the invent™. 
The bonding composttions preferably indude one or more poiymerizable materials chosen 
from one or both of two classes of poiymerizable materials designated as "polymenzable 
promoters" and "poiymerizable resins". 
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1. Poiymerizable Promoters 
The term »po,ymer E able promoter", as used in the specification and the appended 
daims refers to a class of poiymerizable monomers, o.igomers or other prepo.ymers that 
ra clude at leas, one ethylenically unsaturated group and at least one carboxy.ic acd group. 
As a result of includmg a carboxylic acid group, polymerization promoters are hydroph,hc, 
13 | which makes them very compatible with highly mineralized and polar dental rissues. The 

„ | polarization—. In the preferred methods accordmg to the mvention, this will occur 
, 6 , after the bonding composition has been placed within the dental preparafon. 
„ | The poiymerizable promoter may be included in the dental bonding composmon m 

18 , a broad range from about 0.05% to about 99.95% by weigh, of the bonding composite 

21 , 5 o%byweight,andmostpreferab,y m arangefromabout,%«oabou,40%bywe, g htof.he 

22 | bonding composition. 

I | In general, preferred poiymerizable promoters wtthin the scope of the present 



- § 24 invention have the following formula: 



igel9- 



DocketNo. 7678.614 



1 

2 
3 

4 

5 
6 



R O 

C-U-OH 

saturated .iphatio radica., a ha!o g en .adica, or a CK radica.. 
following formula: 

R 0 
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C = C-R,-C-OH 

h>»1 a methyl group, a saturated aliphatic radical, an 
wherein R is a hydrogen radical, a methyl gro h „, inRis 
saturated aliphatic radical a halogen radiCoraCN radical; and where.uK , 

:;^rad 1 calha™rg f our»s K car b ouato m sa„dava,encyo f n + ,,w,th„ b e mg 
an integer of at least 6. 

Ex am P ,es o f the — — ^ ^ 

limte d to, 4-penteuo.c a* o-heptenoic acid, ^utethyM-penteno.c actd, 
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the foregoing, and derivatives of the foregoing. Of course, where R, is a chemical bond, the 
polymerization promoter has the general formula: 



R O 

C=C-C-OH 

2. Polymerizable Resins 
The term "polymerizable resin", as used in the specification and the appended 
claims, refers to a cither a hydrophilic polymerizable compound with at least one hydroxyl 
group, a hydrophobic polymerizable alkyl, or a polymerizable compound having at least one 
hydrophobic moiety and a, least one hydrophilic moiety. Polymerizable resins within the 
scope of the present invention, include bu, arc not limited to, hydroxyalkyl methacrylates, 
hydroxyalkyl acrylates, alkyl methacrylates, alkyl acrylates, mixtures of the foregoing! 
derivatives of the foregoing and the like. More specific examples of polymerizable resins 
within the scope of the invention include, but are no, limited to, 2-hydroxye,hyl methacrylate 
(HEMA), bis glycerol methacrylate phosphate, bisphcnoI-A-glycidyl methacrylate (Bis- 
GMA), glycerol dimethacrylate, methyl acryla.e, methyl methacrylate, triethylene glycol 
dimethacrylate, mixtures of the foregoing, derivatives of the foregoing, and the like. 
Hydrophilic resins such as HEMA are particularly useful because the dentin contains 
significant mineral content and moisture, which results in better adhesion between the dentin 
and the bonding composition. 

Polymerizable resins within the scope of the present invention may also include at 
least one amino group, at least one phosphate group, at least one phosphoric acid group or 
derivative, or at least one phosphorus acid group or derivative. 

A preferred alkyl methacrylate substituted with a phosphoric acid derivative is bis 
glycerol methacrylate phosphate. Examples of other preferred alkyl methacrylates 

Page 21 — Docket No 



•• •• 



substituted with phosphoric acid or a phosphoric acid derivative include: bis 2-hydroxy ethyl 
methacrylate phosphate, phosphate ester of p-hydroxyphenyl methacrylamide, phosphate 
ester of 3-hydroxy propyl methacrylate, and phosphate ester of 4-hydroxy butyl methacrylate. 
In general, it is within the scope of the invention to utilize polymerizable resins that include 
; or more of the following phosphoric acid or phosphorous acid radicals or derivatives: 



\\ II II "I 

-p — OH, — P — OR, — O — P OH, and O P OR , 
III 1 



wherein R is an alkyl. 

The polymerizable resins may be included in the dental bonding compositions in a 
broad range from about 0.05% to about 95% by weight of the bonding composition. The 
polymerizable resin is preferably included in an amount in a range from about 0.5% to about 
60% by weight of the bonding composition, more preferably in a range from about 0.75% 
to about 50% by weight, and most preferably in a range from about 1% to about 40% by 
weight of the bonding composition. 

Even though hydrophobic polymerizable resins such as Bis-GMA may be included 
within the compositions according to the invention, it is preferable to include less of such 
resins than the amount of hydrophilic polymerizable resin, or combined hydrophilic resin and 
polymerizable promotor in the case where both are included. 

On the one hand, Bis-GMA is a useful resin because it contains hydrophilic end 
groups in addition to the main hydrophobic groups or moieties contained therein. Bis-GMA 
also hardens into a very durable material when cured. On the other hand, it has been found 
that including too much Bis-GMA yields a bonding composition having reduced bonding 
strength when used to adhere or bond amalgam to a dental substrate. Without being bound 
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by any particular theory, it has been posited that the highest bond strengths are obtained when 
the final cured bonding composition remains somewhat flexible, resilient and less brittle. 
Accordingly, when it is desired to include Bis-GMA to increase the hardness and durability 
of the bonding compositions within the scope of the invention, and even though bonding 
compositions according to the invention may include any desired quantity of Bis-GMA, Bis- 
GMA is preferably included in an amount of less than about 4% by weight of the bonding 
composition, more preferably less than about 3% by weight, and most preferably less than 
about 2% by weight of the bonding composition. 

This is a surprising and unexpected result because one of ordinary skill in the art 
would expect the largely mechanical bond between the bonding composition and the 
amalgam restorative to increase with increased hardness on the part of the bonding 
composition when cured. Instead, bond strengths were found to actually increase as the 
concentration of Bis-GMA was reduced, or eliminated altogether, compared to a formulation 
that included 5% Bis-GMA. 



B. Initiators . 

It is within the scope of the invention to use one 



or more initiators selected from the 



group consisting of photoinitiators and chemical initiators. 

1. Photoinitiators. 
The term "photoinitiator", as used in the specification and appended claims, refers 
to any compound or blend of compounds that cause a polymerizable materials to at least 
partially polymerize through irradiation of the initiator with radiant {e.g., light) energy. 
Exemplary photoinitiators include, but are not limited to, a-diketones; camphoroquinone; 
phenyl bis (2,4,6-trimethyl benzoyl) phosphine oxide; 2-hydroxy-2-methyl-l -phenyl- 1- 
propanone; benzoin methyl ether; benzophenone; and 9,10-anthraquinone. The 
— Page 23 — Docket No ' 7678614 
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photoinitiators can be used with or without tertiary amines. 

Tertiary amines are relatively stable when nuxed with photoinitiators, and ean be 
used to aceelerate photo-activated cross-linking. Thus, tertiary amines can be used to 
augment the effect of a phototoniator without caustog the mbcture to become unstable prror 
t0 light activation. Hence, when used with a photo initiator, tertiary amines form par. of the 
photo-initiation system. Example of tertiary amines that may be used in the invenuve 
compositions toclude, but are not Med to, dimethylamino ethylmethacrylate, triethylamme; 
2-dime.hylamino ethanol; diethylaminoethyl methacrylate; trihexy. amine; N,N-dimethyl-p- 
toluidine; N-methylethanolamine; and 2,2-(p-tolylamino)-diethanol. 

The photoinitiators are advantageously included in selected amounts in order to 
control the extent or degree of polymerization or curtog of the dental bonding compositions 
accordtog to the toventton. Photoinitiators are typically reactants, /.,, they are consumed m 
the portion reaction, rather than being catalysts, which are continuously regenerated 
and no. consumed durtog polymerization. Thus, it is poss.ble to restrict the amount of 
photoinitiator so as to deliberately under-polymerize the bonding composition poor to 
packing or condensing an amalgam into the dental preparation. By knowing the rafo of 
uaMar events «ha, is required for a particular photoinitiator to cause a given quantrty of 
polymerizable material to My polymerize, and in view of the principles and concepts 
disclosed hereto, one of ordinary skiU in the art will be able to design a composition havmg 
adesaeddegreeofpartialpolymerizationorcurtag. Stonlar.y, after gaintog an appreciation 
for the principles and concepts disclosed hereto, one of ordtoary skill will be able, through 
routine trial and error testing, to determine an optima, concentration of a partrcular 
photoinitiator that will result to a desired level of partial polymerization of a grven 
polymerizable material upon exposing the composition to an excess of radiant energy. 

The extent of partial polymerization of the bonding composition is further inhibited 
when exposed to air, since oxygen generally inhibits polymerization. Thus, when a layer of 
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the dental bonding composition is applied to a dental preparation and then pamally 
polymerized, me sublayer or porrion of the bondmg composition next to the dental snbstrate 
is polymer^ to a greater extent than the onter sublayer or portion that is exposed to a,, 
which forms an "inhibition" or -inhibited" layer. In some cases, rather than distinct layers, 
there may be a gradten, of increasing polymerization from the exposed surfaeeofthe bondmg 
composition to the inner surface adjacent to the dental substrate. This differentia, in the 
extent of partial polymerization is advantageous because it allows the surface ,ayer to remam 
sufficiently pliable and deformable such that troughs, peaks and other irregularities can be 
readily formed therein upon packing an uncured amalgam restorative within the dental 
preparation. Moreover, the more fully-cured layer or portion of the bonding composition 
adjacent to the denta, preparation surface helps to prevent inadvertent dislodging or 
separation of the bonding composition from the dental substrate. 

It will be readily appreciated that the desired under-polymerization of the denta. 
bondmg composition used to bond an ama,gam to a dental substrate can be controlled in 
other ways. Accordingly, to preferred methods according to the invention, it may be poss.ble 
to under-polymerize a bonding composttion by restricting the amount of radiant energy that 
„ applied to the bonding composition (/.,, by restricting the intensity and/or duration of the 
radiant energy). Thus, whereas preferred dental bonding compositions according to the 
invention .nclude a stoichiometrrcally .nsnfficrent amount of photoinittator to effect under- 
po.ymeriza,ion of the composition even when exposed to an excess of radiant energy, 
preferred methods according to the invention may be carried ou, using both the preferred 
compositions described herein as well as composes that mclude a sto.chiometrically 
sufficient amount of photo.nit.ator that are under-polymerized using a deficiency of radtant 
energy. 

The amount of polymerization photoinitiator to be included within the preferred 
dental bonding composition accordmg to the invention is generally dependent on the identity 
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and concen.ra.,on of the po.ymerizab, portion, as we., as the .eve. of part* 
po.ymeriza.ion that is desired. In order to restnct the extent of po.ymenza.ion, the 

0 5% by weigh, of the denta. bonding composrtion, more preferably in a range from about 
0.005% toaboutO.2%, and most preferah.y at a range from abou,0.00S% to about 0.08% 
by weight of the dental bonding composition. 



2. Chemical Initiators. 
The term "chemical initiator", as used in the specification and appended Cairns, 
refers to any compound or blend of compounds that cause a polymerize materia, to a. .east 
partiahy po.ytnerize as a resu.t of a chemical reaction between the chemical initiator (or a 

energy. Examples of chemica, initiators within the scope of the inventron include a w.de 
variety of compounds that are sufficiently unstable that they can decompose into rad.cals 
capableofcatalyzingorotherwise causing the polymerization of the po.ymerizab.e matena.. 

Specific examples of radical-forming substances include the large class of 
compounds known as peroxides, more specifically includmg, but not limited to, benzoyl 
peroxide, 2-butanone perox.de, lauroy, peroxide, and tert-buty. peroxide. Benzoyl perox.de 
is preferred because it is soluble and relatively stable when mixed w,.h the polymerizable 
materialised hereto as long as the composes substantially free of errant metals or 
meta.ions that trigger the decomposrtion of benzoy. peroxide. In addition, benzoy.perox.de 
remains re,at,ve,y stab.e when kept a, or be,ow room temperature. In the case where the 
denta. bondmg compositions according to the invention are formulated as stab.e, one-part 
composite, such compositions are advantageous* maintained be.ow the decomposi„on 
remperamreofbenzoy.peroxide morderto prevent premature po.ymeriza.ion andcunngof 
the polymerizable material. 
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Theamountofbenzoylperoxideorother chemical initiator that should be mcluded 

the concentration of the polymorph, materia.. Nevertheless, because the interact 
be tweenben Z o yl perox 1 de(pa r ticu,ar ly its decomposition products) and the polymerize 

polymerr.atron of the bondntg composition. The fact that benzoyl peroxide and other 
peroxides tend to be unstable m the presence of metals or metal ions makes them we„-suited 
for use with amalgam or other metal restoratives. 

Benzoyl peroxide remams sufficiently stable even after the bonding composite has 
b een partially cured,.,., by means of Ught-euring prior to packing the amalgam or other 
m e,a, restorative within the dental preparation. Thereafter, the faction between the 
amalgam orother metal res.orat.ve triggers the deeompositronofthe benzoyl peroxide or 

within the denta, bonding composition, includmg the mh.bi.ed layer. In .h,sway,.he final 
curing stage of the dental bond.ng composifion can be timed so as to occur after the 
am a,gamoromerme,a,res.orafivehasbeenpackedin,othedenta,prepara,ion. Inaddmon, 
O.actofpackn.gofama.gamor other metai res.orat.ve into the denta. preparation displaces 
th eoxygen therefrom, which fcrther facilitates mrther curing of the mhibifion layer by the 
chemical initiator. 

In the ease of a muhr-par, bonding dental bonding composition, it may be poss.b,e 
to indude an amount of a chemical iniuator that will cause the bo„d.ng composition, when 
mted toslowlycureoverapredete^edamountoftane. ,n this way, a denta, pracfitioner 
eanmrxupacuaofity of the multi-part (e.,., two-part) composifion Just prior to application 
toadental preparation. After a set amount of time, when, he bonding composition has been 
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preparation. As before, an upper inhibition layer should be significantly less cured than the 

preparation. After packing the amalgan, into the dental preparation, the bondmg 

Viator. Pacxingthe amalgam within the dental preparation w iU also dUplace the oxygen 
| herefrom, thereby facilhating the further polymerization of the inhibition layer by the 

accelerated decomposition of the chemical initiator. 

Although ternary amines such as dimethylamino etbylme.hacry.ate are relatwe.y 
stab ,e when m.ed with photoinitiators, they are generally unstable in the presence of 
chemical imtiators (.,, benzoyl perox.de). Because of this, tertiary ammes can be 
advantageously mixed whh a bonding composition that mcludes a chemical initiator m order 
„ | .oactivateoracoeleratepolymerizauonandcuringofthebondingcomposition. fnthisway, 
15 , tertiary anrines can augment ftte effect of *e chentical initiator. Hence, when used w.th a 
| chemical in.tia.or, tertiary amines form par. of the chemical initiation system. 

In genera,, benzoyl peroxide or Cher chemical mitiators may be mcluded m any 
appropriateamount, preferably in a range fron. abou. 0.001% to about 5% by weight of the 

werght, and most preferably, a range from about 0,% to about,/, by we.ght of the denta, 
bonding composition. 



C. jSatnral Resins. 

The bondmg compositions may opt.ona.ly mclnde one or more natural res.ns. The 
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resms w ithm the scope of the present — may be either polymenzable or no, 
po.ymer.ab.e. If polymeric, a natural resin may comprise a ponton of the 

foundi „,o t oanheohta i ne d no m ,natu ra Houtce S ,,he„at U taUe si ns U se (1 w i ,h,hep reS ent 
mention ate not necessarily unaKered from the, na.ura.-n. Accordmgly, the term 

"natural resins" shah also refer to derivatives of natural resins. 

Suitable natural resins include, hut are not lirnited to, rosins, dilates, saps, o,K 

ltait edto, Canadianbalsam, sandarac, masfic, ponrianah, copal, n-a. Peruvian, « 

like 

Manynaturalrestuscompriscam^ureofchemical, For example, Canad.au 
44 5% r esin acid mc.udmg ,3% abietic and S% neoahietic, and 2 7% neutral resmous 

within the meanmgofthisterm, as used herein. Add,.iona„y, one or more constituents of 

kola «ed or purified to yieldaderivative that ,sa"natura, resin" within the meanmg of th,s 

seeds are one example of such derivatives. Denvatives formed by any technic, such as 
tolafe norpurif,cationme„od S ,.o alter t he concentrafon of the constituent or to separate 
a^tituentfiomother— s may be used. Add.tionally, synthetically prepared resm 
com posi,ior, resembhug or corresponding to those which occur naturally are wtthtn the 
meaning of the term "natural resin", as used herein. 
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The term "natural resins" also includes chemical derivatives of naturally occurring 
| chemical compositions obtamed from natural sources such as trees, shnms, plan, or seeds. 
Examples of chemical derivatives include, but are not limited to, maleic modified tall o„, 
phenohc modified rosin ester resin, maleic modified rosin ester resin, hydrogenated rosm, 
hydrogenated Canadian balsam, Canadian balsam maleic esters, dbproportionated tall o,l 

rosin and dimerized Tall oil. 

If included at all, natural resins are preferably included in a range from about 0.01% 
| t0 about 50% by weight of the dental bonding composite more preferably m an amount 
, a range from about 0.1% to about 35% by weigh, and most preferably in a range from 
about 0.5% to about 20% by weight of the dental bonding composition. 



§i lilp 

sis ; 
g iilS| 



D. Solvents . 

,, may be desirable to include one or more solvent, within dental bonding 

v^cosity to the dental bonding composition. lowering the viscosity may increase the abrhty 
,„ , of the bonding composrrion to flow into the dentma, tubules and the undercuts formed by 

„ surface. In addition, volatile solvents can ouichiy evaporate when a layer of the bondmg 

20 , compositio.iap.acedontoadental substrate inorderu, provide additional adhesion due to 

21 | increased viscosity and tackiness. 

22 , Examples of useful solvents include, but are not hunter, to, hydrophrhc 

23 hydr „carhons,hydrophobichydrocarbons,andwater. Hydrophilic solvents are particularly 
u useful since norma, dentin is namrally mors,. Examples of suitable hydrophihc solvents 
25 I include ethanol and acetone. 
26 
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E. Eiilecs. .. + 

Fi „ers may also be incorporated .to t he den,, bonding -position a— to 

!1 m order to ptov.de .creased — and — of the flna, cured bondmg 
oo^smon.Fiilersmaybeinertortheymayteact.veorre.easeactiveagen^ 

plates. — ^^---^-^^TITI 
^impart desired ^ nt t„e nncuted and p^, cnted compositton. 

« the stabflity of the pony— ,e — an.or — — — 

^^ ta *^.«'-^•-■*•'* h '•-- , - , - ,, • 0,,W, ■ 
order to inhibit or ptevent unwanted teactions. 

js^nisa^onprocednre.ed^eanofprepar.gpatt.^ede^ 
Ldto^ntetna^^^ 

fluo ros„icate, a,so referred ,0 as "fluorspar". Fiuorspar is a relatively stable 

outsignmca , Hence the use of fluoride releasing 

known mineralizing agent used .0 strengthen teeth. Hence, 
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such as fluorspar within the dental bonding c 
3 | to prevent decay. 
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F Other <>mponenls, 

nftpn adde d to polymerization promoters and 
Polymerization inhibitors are often added P y 

, • a t the time of manufacture to inhibit or prevent premature 

Anexampleofapoiyrnerizationinhibhorishydroqumone. Of eourse, 
I l e of he — to dehherate, add a potation tnhihnor to a denta, bondm 
I — — topreventprentaturepo^on.d 

I curing of the bonding composition. 
An example of an odorant is 0,1 of bitter almond. 

U se with other restoratives such as other meta, restoratives, composes, and the !*e. 
I mp ,es of —used ama, g am re— materia, mc.de 

;; Dw h 1 ch,d, n bu,edmtheUnitedStatesb y V— voclar North „ locat 

lid mercury porflon that, when mtxed ,o g ether (,., "triturated,, form a phab.e and 
pa c k ab,e materia, that cures over t,me into a hardened fllling material. 
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TYTIN is presently the most commonly-used amalgam restorative in the United 
normaUurmgTY^^^ 

*• ;c a? 5% The alloy within fast curing l * 1 1«, 
13 0% copper. The mercury-to-alloy ratio is 42.5 A ^ 

The initials "FC" stand for "firm condensation". TYTIN FC is available in two versions. 

" M T^T, PH.D. .s a p-.enri.ed amalgam ,n which the alloy indndes 
„ •, 79 7% tin 17 5% eopper, and 0.3% palladium. The ahoy portion of the 

a ^ < -a5H^-«■^'- ,,, -* ,,s - ,, - ,7J,^, ** 

TYTIN regular cure amalgam has a compressive strength of 220 Mr 

rria 

creep of 0.07%, and a setting dimensional change <H*> YAL1ANT, 

:i a te rfi ,,estten g thof23MPameasureda ft eroneda y ,acreepofO,2%measu r eda ft er 

24 hours, and a setting dimensional change of -6. 

Presently TYTIN amalgams comprises a significant majority of the amalgam market 
share . on the oiher hand, hond strengths ohtahied using the inventive composed 

PHO.amalgamratherthanTYTIN amalgam. t ^ 

In general, amalgam restoratives include a solid alloy 
merC ury,o form an uocured packahle materia, that hardens over rime into a very hard and 
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durable restorative material. Amalgam restoratives have been used for more than 150 

J ! have been no ^n adverse aff ects resulrin, from parients bem g e.osed to 

mercurv from their amalgam fillings. 

Th e purpose o f the *. is to -ease strength - — - . 

ae.ease.ee ^--P^-^*" "^T^ 

to become compounded or bonded. ra , Hicjz ed the 

, ,. nt , s bodv Nevertheless, although it is not generally pubhezed, 

sensitivity compared to composite restorations. 

SUBSTRATE. 
a Pirnnrp^T Steps. 

^^denta.substmtestoberepa.edus.gamalgamandotherrestorat.ves^ 
■ or substrates for use w,.h an amalgam restorative prepared ustng 

appropriate dental preparation to be filed by the amalgam restorattve. 
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The denta, prions can b e formed using any approve cutting, gnn d,ng ; « 
Z Li * the .oo*, * ma y b e P^ed accordmg to methods _, y 

^l^-*^--- — --"'' 0 rder to nuprove the bond 
s^ngthbe.ween.hebond.ngcomposi.ionand.heden.a.snbstra.e. 

!l* fc -— ^-^^^^^TH 

l u , tefl n i d & o mth epu,p— — — 

deposit itself on the smear layer, is not easily dried. 

th e smear .a y e. It is then advantageous to sea, the dent, tubuses to prov.de a bondrng 

lJ-.---«•--*-*■* t •- ,l ■ i -■ ,,< * ,^,- ■ 

wb ules when using the preferred methods described herem. 
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Ap referreaconaitio ^-W — ----***-*--*- 

i — - Uhasbeenfounathata.eousp sph 

I^en.con^.he^.Nev^any— al— roan 

I, 35% be, g preferrea. A phosphor, acia solution hav,„ g a — on of 35, 

etch ea surface with water. The rinsea surface may then be by 
suction or the use of absorbent materials. 

P u,p care shou.abe.a.en.protect.epu.pnom strong aciaiccompoa^or^ 
r b chemicais to avoia seriously aama g .n g or k i,„n g the tooth. — ,y, — 
1 examples of which tncluae poly— a„a non-polymeric matenals, 



o 
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Itshouldb e — atmaybeappropriate 
^prep^atoothaccord g dental preparation, used ta 

^ 2 = = = = -^-- — 

— — ^- w rrr:;;::r n ^::: 

preparation for bonding. 
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• • 1 a ™v be applied utilizing any application means 
ThedentalbondingcomposmonHmaybeapphe 

j mnre fullv above, when exposing uic ^ ^ 

light -.here^od^-ay P ^ ^ ^ ^ _ ^ 

composition, i.e., for a penoo formu lated to only 

• • Whether the dental bonding composition is specially 
composition. Whether ^ 

— — :r— 

„.„„ .——-<- ™^;'„" «^ 
— - - - - — 

differential in partial curing may be muta-layereP, 
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r 4 is usefu. in generahy ihustrating the effect of this differed in 
partial cunng. As dhrstrated, th e 22 oft he dental preparation 12 and that is 

24remamSmaleSS , r, Qf air More particularly, the oxygen within a,r . 

— .— — — 

Figure 5 illustrates the act ot packing 01 

■ nhvmeansofaconventionalamalgampackmgtooUS. It 

26 into the dental preparaUon 12 by means ^ 

, t na however that the uncured amalgam 26 may be pacK 
should be understood, however, ln the alternative, other 

- I — ~* reSt0ra :; 7 Ilcost readyavailahdhyandeaseofuse. 
n •ngener.nncnredan.g— 
19 dental preparatronshyrneansofshorthuf , 

is generally necessary to pack the am g into a dental preparation using a 

„es of pacing an uncured amaigan, ^~£^L-**~ 
^ptronofthedeforrnahlehond.ngconrposit.on.panrcuiar.ythe.ess 
layer. 
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u ifcr» of oacking an uncured amalgam 26 into a 
Figure 6 generally illustrates the effect of packmg 

aentalpreparat.nUmorder, p, t 4 , dismpted and m oved around so 

- — - m increase the mechanical interface 
as t0 form troughs, peaks and others 

and amalgam together upon cunng. rf 
^ptionmayvarygreaUyftomtooth ^ preparation 12 

in a manner so as to daplace I conforma tion of the disrupted 

„ _*» * ... — — — - - - 
— — 3:."— — — — 

lock the two substances together. It may 

a^Pted during co^pacuon of the am ation surfac e 22. 

be.ween.heden.a.bondmgoomposmonWand.hedema p 

Docket K 
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cured bonding composition 14 triggers the forther polym 

C0mP ° SitiOn ' • • rh as benzoyl peroxide, though relatively stable 

For example, chemical initiators such as benzoyl pe 

-::::^-rr:: ::r;:i 

composite 14, .t may P ^ aj ben20yl 

— ■ — ^^^^^^ 
3 ~ 50 ^ l ° r— ta l lo^P-aced^- 

prescribed rime period. Th,s allows 

,„„ (s eeFigure2)w»hmafi re .prescribedtimepenod. Afteraseco p 

t,mep *Z^*--»>-*-' ms ** M " 0 

for reasons described herein. 
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■ ,hods are useful for increasing the bond strength between an 
i The foregoing methods are useiui iu 

• 1 1 

8 preferably greater than about 25 MPa. 

V * EikAmri^^—^— illustrate various bonding 

13 that were actually prepared, all of wtuch w 

16 there was considerable variability hvnnthe tical or prophetic, 

B compositions ofBxamp.es Examples descnbe ^ J 

„ ^.ofdent— compc, tions accordin g.othem 

Si ill! 21 I scope of the invention. 
22 
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Fyarnple 1 

A ^ — — Uo n SU «e b use , — *. « — 
following components: 



fnfn pnnent 
Bis Glycerol Methacrylate Phosphate 
2-Hydroxyethyl Methacrylate (HEMA) 
Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyM-phenyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 



19.6 
21.2 
17.0 
15.0 
8.0 
8.5 
4.1 
0.7 



0.06 
0.04 
5.0 
0.8 



II 

PS 

U 
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Example^ 

v n stable for use in increasing the bond strength 

jrrr- 

following components: 



q s^ipg 

slgiil 



Qojnpojieni 
Bis-Glyceryl Methacrylate Phosphate 

HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 
Acetone 

Methacrylic Acid 
Tolu Resinoid 

Phosphine Oxide, phenyl bis(2,4,6-trimethyl 
benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 



Cojic^nimliojiJ(^%) 
19.6 
20.3 
17.0 
15.0 
8.0 
4.25 
4.25 
4.1 
0.7 



0.06 
0.04 
5.0 
0.8 
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Fyfl fnple 3_ 

A a- — — ^ — . - - „ — S *e ~ 
, „ a a- — - - — — — ~ f0 ™ ed 
following components: 



11 

12 



15 
16 
17 
18 
19 



Component 
Bis Glycerol Methacrylate Phosphate 

HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphtae Oxide, phenyl bi S (2,4,6-trim e thyl 

benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l- P ropanone 

Bis-GMA 
Benzoyl Peroxide 



19.6 

21.95 

17.0 

15.0 

8.0 

8.5 

4.1 



0.03 
0.02 
5.0 
0.8 



Mass 



o 
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Temple 4 
following components: 



Si lliil 
I i fill 

il 



Proponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 



CojicejatEatioi] rwt 0/o>> 
19.6 
16.3 
17.0 
15.0 
7.0 
8.5 
4.1 
0.7 



0.06 
0.04 
10.0 
0.8 



O 
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following components: 



10 
ll 

12 



15 

16 

17 
18 
19 
20 
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I PI 



rnm pnnent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 
Phosphine Oxide, phenyl bis(2,4,6-trime.hyl 

benzoyl) 

2-Hydroxy-2-methyH-phenyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 



19.6 
16.3 
17.0 
15.0 
8.0 
8.5 
4.1 
0.7 



0.06 
0.04 
5.0 
0.8 



O 
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following components: 



11 

12 



15 

16 

17 
18 
19 
20 



I gill 

lil"S 

HPS 



Proponent 
Bis Glycerol Methacrylate Phosphate 

HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 

Phosphme Oxide, phenyl bis(2,4,6-tnme.hyl 
benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 



19.6 

21.275 

17.0 

15.0 

8.0 

8.5 

4.1 

0.7 



0.015 
0.01 

5.0 

0.8 
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18 



ExampkJ 

a a- — — - - - — th ; bo ; d f ;::: h e 

following components: 



Proponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 
Benzoyl Peroxide 



r ? nr^tration fwt„ 
19.6 
26.275 
17.0 
15.0 
8.0 
8.5 
4.1 
0.7 



0.015 
0.01 
0.8 



8 ill 



o 
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Rumple 8 

A denta, bonding -position suitabie for use in tncreasntg the bond strength 
following components: 



ui 13 

Q 14 

a 

ru 15 

16 
17 
18 

5 
s 

c/i 

§ * = 

0 8 ^SE* 

1 lisil 



component 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 
Bis-GMA 



19.6 
21.1 
17.0 
15.0 
8.0 
8.5 
4.1 
0.7 



1.0 
5.0 



O 
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9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 



dapple 9 

a — — «* - ■■ tacreasins ,he bon ;rt 

following components: 



i 

w 

S I sill 

iiiill 

ri 5 ~ 5 



rnm ponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 

Phosphine Oxide, phenyl bis(2,4,6-trimethyl 
benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 
Bis-GMA 



19.6 



14.1 
17.0 



15.0 
5.0 



4.1 
0.7 



0.06 
0.04 
5.0 



O 
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Example 1Q 

A aenta, — con.pos.on SU «e for use , — g .he oon«h 
following components: 



Pro ponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 

Phosphine Oxide, phenyl bis(2,4,6-trimethyl 
benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 
Bis-GMA 



QoasgnlratiQTl (wt. %) 
19.6 
17.1 
17.0 
15.0 
7.0 
8.5 
4.1 
0.7 



0.06 
0.04 
10.0 
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9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 



Example 1 1 
following components: 



W 

CO 

filial 



rnt^ponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyl-l- P henyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 



19.6 

21.95 

17.0 

15.0 

8.0 

8.5 

4.1 



0.03 
0.02 
5.0 
0.8 



O 
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Fyamp 1e 12 

A — S u«e fM use , — g *e b o.s^ 

| „ a - — - - - — — ^ ~ f ° med 
following components: 



5 
6 
7 

8 

9 

10 

11 

12 
13 
14 
15 
16 
17 



w 

t/5 

I Still 



Pro ponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 

Phosphine Oxide, phenyl bis(2,4,6-.rimethyl 
benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 
Bis-GMA 



Cojic^ntoiioiii^ 
19.6 

17.8 
17.0 
15.0 
7.0 
8.5 
4.1 
0.7 



0.06 
0.04 
10.0 



o 
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■,.hte for use in increasing the bond strength 
A d entai bonding conrpostbon su.tab.e se ^ 

following components: 



12 

13 

14 

15 

16 

17 

18 

19 

20 



II 
Is 



Component 
Bis Glycerol Methacrylate Phosphate 

HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 

PhosphmeOx,de, phenyl bis(2,4,6-.rime.hyl 
benzoyl) 

2.Hydroxy-2-meth y l-l-phenyM-propanone 

Bis-GMA 
Benzoyl Peroxide 



CojicjnlrjiiojL(ffiLJ^ 
19.4 
17.7 
16.9 
14.9 
6.9 
8.4 
4.1 
0.7 



0.06 
0.04 
9.9 
0.8 



-Page 55- 



DocketNo. 



ExamplsJi 
following components: 



10 

11 

12 
13 
14 
15 
16 
17 



Proponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 
Ethanol 

Methacrylic Acid 
Tolu Resinoid 

Phosphine Oxide, phenyl bis(2,4,6-,nmethyl 
benzoyl) 

2 .Hydroxy-2-m e thyM-phenyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 



Cc^icjnloliojli^L^ 
32.7 



33.8 
14.2 
6.8 
1.2 



1.0 
0.7 
8.3 
1.3 



a Sots 

Z S 5*3 
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following components: 



Pro ponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 

Methacrylic Acid 

Tolu Resinoid 
Phosphme Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-meth y l-l-phenyU-pro P anone 
Benzoyl Peroxide 



Qojic^rjtialiojiiwl^ 
32.1 
22.0 
17.0 
15.0 
9.0 
4.1 
0.7 



0.03 
0.02 
0.8 
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Pyample 16 

A a- —.on s-Le te use , i— g * *- — 

| „ a d e nt a, s— - an a m a lg a m — — was f o m e d ^ 
following components: 



12 

13 

14 
15 
16 
17 
18 
19 



Com ponen t 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Methacrylic Acid 
Tolu Resinoid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-pro P anone 

Bis-GMA 
Benzoyl Peroxide 



Concentrate M- 0/o) 
28.1 
21.95 
17.0 
15.0 
8.0 
4.1 
0.7 



0.03 
0.02 
5.0 
0.8 



1^81 

IIP! 
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Example 12 

A dent al bonding composition suitabie for ose in — g the bond strength 
I following components: 



Component 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyM-phenyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 
Calcium Hydroxyapatite 



21.1 

21.95 
17.0 
15.0 
10.0 
4.1 



0.03 
0.02 
5.0 
0.8 
5.0 



ill 
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■♦.M, for use in increasing the bond strength 
A dental bonding composition suitable for use in 

* 

| following components: 



10 

ll 

12 
13 
14 
15 
16 
17 



Proponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 
Bis-GMA 



28.9 
21.95 

17.0 

15.0 

8.0 

4.1 



0.03 
0.02 
5.0 



SI sill 

q 8 

slip! 



o 
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Fxampte 12 

A denta, bo„d,„g composition suhaHe for use in increasing the bond strength 
betwee „ a denta. snbstrate and an amaigam restorative .nateria, was fornred front the 
following components: 



Com ponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 
benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 
Benzoyl Peroxide 



CojicgaaaiiaD rwt %N> 
25.1 
21.95 
16.0 
15.0 
9.0 
8.0 
4.1 



0.03 
0.02 
0.8 
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Example 20 

A denta, bonding eomposnron sufcabie for use ,n — g the bond strength 
| betw een a denta, sobstrate and an an^gant restorative materia. W as fonned from the 
following components: 



Com ponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 
Benzoyl Peroxide 



CorjrPTitfflt in " rwt ° /o) 
20.5 
35.0 
16.0 
15.0 
9.0 
4.1 



0.03 
0.02 
0.8 
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Example 21 

A denta, bondrng composition suirabie for use in increasing the bond srrengtb 
following components: 



Component 
Bis Glycerol Methacrylate Phosphate 

HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2 ) 4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 
Benzoyl Peroxide 



rnnrfntHt ; "P rwt ° /o) 
21.1 
21.95 
15.0 
15.0 
10.0 
12.0 
4.1 



0.03 
0.02 
0.8 
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Example 22 



A dental bonding composition suitable for use 



between a dental substrate and an 
following components: 



in increasing the bond strength 
amalgam restorative material was formed from the 



f>m ponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 
Benzoyl Peroxide 



Cpjiesntatiao (wl 

24.43 
21.95 
17.0 
15.0 
8.0 
8.0 
4.1 



0.02 
1.5 
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Example 21 

A denta. bonding composite suitabie for use in increasing the bond strength 
between a dental substrate and an amaigam restorative materia, was formed from the 
following components: 



rnmponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 
Benzoyl Peroxide 



21.0 

20.05 

11.0 

15.0 

14.0 

16.0 

4.1 



0.03 
0.02 
0.8 
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Example 24 

A dental bonding composition suitable for use in increasing the bond strength 
| between a dental substrate and an amalgam restorative material was formed from the 
! following components: 



18 
19 



Component 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 
benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 



Cojiceniraiioj] rwt. %) 
19.6 
21.95 
17.0 
15.0 
8.0 
8.5 
4.1 



0.03 
0.02 
5.0 
0.8 



e3§ 
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Example 25 

A dental bonding composition suitable for use in increasing the bond strength 
between a dental substrate and an amalgam restorative materia, is formed from the following 
components: 



11 
12 
13 

14 

15 
16 
17 

18 

19 
20 
21 

; 22 

23 
! 24 
25 
26 



Component 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 
benzoyl) 

2-Hydroxy-2-methyl-l-phenyl-l-propanone 

Bis-GMA 
Benzoyl Peroxide 



Concentration (M, 
20.1 
22.45 
17.0 
15.0 
8.0 
8.5 
4.1 



0.03 
0.02 
4.0 
0.8 



The bonding composition of Example 25 is similar to the composition of 
Example 24, except that the concentration of Bis-GMA is reduced to 4.0%, and the 
concentrations of bis glycerol methacrylate phosphate and HEMA are each increased by 
05%. Basedonanexttapo^ 

the composition of Example 25 to bond an amalgam to a dental substrate exceeds, or would 
be expected to exceed, the bond strength obtained when using the composition of 
Example 24 to bond an amalgam to a dental substrate. 
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Example 26 

A dental bonding composition suitable for use in increasing the bond strength 
between a dental substrate and an amalgam restorative material is formed from the following 
components: 



Component 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4,6-trimethyl 
benzoyl) 

2-Hydroxy-2-methyl- 1 -phenyl- 1 -propanone 

Bis-GMA 

Benzoyl Peroxide 



Cojiceniiatioa (wt 0/o) 

20.6 
22.95 
17.0 
15.0 
8.0 
8.5 
4.1 



0.03 
0.02 
3.0 
0.8 



The bonding composition of Example 26 is similar to the composition of 
Example 24, except that the concentration of Bis-GMA is reduced to 3.0%, and the 
concentrations of bis glycerol methacrylate phosphate and HEMA are each increased by 
1 .0%. Based on an extrapolation of actual test results, the bond strength obtained when using 
the composition of Example 26 to bond an amalgam to a dental substrate exceeds, or would 
be expected to exceed, the bond strengths obtained when using the compositions of 
Examples 24 and 25 to bond an amalgam to a dental substrate. 
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Fyarpple 21 
components: 



llfl 
lift 



21.1 

23.45 

17.0 

15.0 

8.0 

8.5 

4.1 



exponent 
Bis Glycerol Methacrylate Phosphate 
HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 

Phosphine Oxide, phenyl bis(2,4,6-trim«hyl 
benzoyl) 

2-Hydroxy-2-methyl-l- P henyl-l- P ropanone 
Bis-GMA 

0.8 

Benzoyl Peroxide 

• • „f Example 27 is similar to the composition of 
The bonding composmon of Example 
v , 24 except that the concentration of Bis-GMA is reduced to 2.0* 
Example 24, except tna Wp and HEMA are each increased by 

♦ Am, of bis glycerol methacrylate phosphate and HEMA 
concentrates of b 1S gly ^ the bond stren gth obtained when usmg 

I iw Basedonanextrapolationofactualtestresuits,tn 

^l < ^«^-* wia - ,l,, * ,,,,, '" ce * 

24 the composition of Example ^positions of 

' be expected to exceed, the bond strengths obtatned when osrng 
Examples 24-26 to bond an amalgam to a dental substrate 
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0.03 
0.02 
2.0 



a 



UJ 
Q 

ru 



1 

w 



9 

10 
11 

12 

13 

14 

15 

16 
17 
18 
19 
20 



Example-^ 

A dental bondin g composition su„ab,e fcr use in — the bond strens* 
components: 



Slglll 22 

Slip? 23 



o 



£omp_Qii§Bi 
Bis Glycerol Methacrylate Phosphate 

HEMA 

Barium Oxide Glass (silanated) 
Fluorspar 

Fumed Aluminum Oxide 
Ethanol 

Methacrylic Acid 
Phosphine Oxide, phenyl bis(2,4 ; 6-trimethyl 

benzoyl) 

2-Hydroxy-2-methyl-l-phenyM- P ro P anone 

Bis-GMA 
Benzoyl Peroxide 



Oofleeniotion Cwt, %) 
21.6 
23.95 
17.0 
15.0 
8.0 
8.5 
4.1 



0.03 
0.02 
1.0 
0.8 



The b „na,n g composmon of Example » .s — to the — of 
„ le 24 except that the concentration of Bis-GMA is reduced to f.0%, and the 
Example 24, except increased by 

trations of bis glycerol methacrylate phosphate and HEMA are 

Examples 24-27 to bond an amalgam to a dental substrate. 
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VI. SUMMARY. 

The present invention provides compositions and methods for bonding an amalgam 
restorative to a dental substrate. Preferred compositions according to the invention are able 
to cure in steps so that the amalgam restorative can be packed against a partially cured dental 
bonding composition that remains deformable and so that the bonding composition continues 
to cures or harden after placement of the amalgam restorative within the dental preparation. 
Preferred methods cure any suitable bonding composition in steps so as to provide increased 
bond strengths as described herein. The compositions and methods provide for increased 
bond strength between the amalgam restorative and the dental substrate. In a preferred 
method of use, the preferred compositions and methods may allow the dental practitioner to 
remove less of the tooth than would otherwise be required using standard amalgam 
restoration procedures. 

The present invention may be embodied in other specific forms without departing 
from its spirit or essential characteristics. The described embodiments are to be considered 
in all respects only as illustrative and not restrictive. The scope of the invention is, therefore, 
indicated by the appended claims rather than by the foregoing description. All changes 
which come within the meaning and range of equivalency of the claims are to be embraced 
within their scope. 

What is claimed and desired to be secured by United States Letters Patent is: 
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